tolerance (Painter 1951 , Horber 1980 . Originally, tolerance of infestation was ascribed as the mechanism of resistance to A. kondoi (Lloyd et al. 1980 , Bishop et al. 1982 , but later trials documented that resistance also was conferred by antibiosis (Summers 1988) .
Phenolics can be potent antibiotics; they have conferred host plant resistance to insects (Levin 1971) . A mixture of monophenolic acids deterred feeding by Loeusta migratoria L. on Sorghum bicolor (L.) Moench (Woodhead & Bernays 1978) . Concentrations of the substituted hydroxycinnemate, ferulic acid, were correlated with resistance in maize (Zea mays L.) to the maize weevil, Sttophilus zeamats Motschulsky (Classen et al. 1990 ). The temporary loss of resistance to Therioaphis maeulata (Buckton), A. pisum, or A. kondoi that occurs at cooler temperatures (Isaak et al. 1963 (Isaak et al. , 1965 Summers 1988) has led researchers to hypothesize that synthesis of a resistance factor(s) is depressed at lower temperatures. Akin et al. (1987) reported that concentrations of substituted hydroxybenzoic and hydroxycinnamic acids in tall fescue (Festuea arundinacea Schreb.) increased with temperature. To our knowledge, the involvement of substituted hydroxybenzoie and hydroxycinnamic acids in resistance to A. kondoi has not been reported.
Resistance to A. pisum or T. maeulata protected forage yield and concentrations of protein, caro- Vol. 20, no. 1 tene, and digestible dry matter in field trials (Harvey et al. 1971 , Kindler et al. 1971 . Selection for resistance to A. pisum did not alter saponin concentrations of alfalfa foliage (Pedersen et al. 1975) . Also, in field and greenhouse trials with susceptible 'Moapa, ' Summers & Coviello (1984) reported that A. kondoi infestations did not influence levels of protein or total digestible nutrients. Substituted hydroxybenzoic and hydroxycinnamic acids and their respective aldehydes have been investigated intensely in recent years because of their possible negative effects on microbial fermentation of forages (Jung 1989) . Reduced microbial degradation of plant cell walls or fiber with higher concentrations of monophenolics has been reported for timothy (Phleum pratense L.) (Theander et al. 1981) , orchardgrass (Dactylus glomerata L.) (Akin 1982) , smooth bromegrass (Bromus inermis Leyss.) (Burritt et al. 1984) , and alfalfa leaves (Lenssen et al. in press) . Conversely, Jung & Fahey (1984) reported no significant correlations between fiber digestion and monophenolic concentrations for alfalfa. Additionally, Lenssen et al. (in press) reported that alfalfa stems infected with anthrac·· nose caused by Colletotrichum trifolii Bain had higher concentrations of monophenolics than did uninfected stems, yet their cell wall digestibilities were similar.
The objective of our study was to compare A. kondoi-resistant and A. kondoi-susceptible alfalfas for differences in forage quality (including neutral detergent fiber, crude protein, true in vitro digestible dry matter (TIVDDM), digestible neutral detergent fiber, and substituted hydroxybenzoic and hydroxycinnamic acids) of leaves and stems in the absence and presence of infestation by A. kondoi.
Materials and Methods
The KS153P4 and KS153BA3P4 germ plasms described by Sorensen et al. (1990) were the test entries. The KS153P4 is susceptible to A. kondoi, and KS153BA3P4 (selected from KS153P4) is resistant. Scarified seeds (0.50 g) were sowed in flats (39 by 57 em) filled with a 5:1:1 mixture (9 em deep) of steam-treated soil (Haynie Series: coarsesilty, mixed, calcareous, mesic Typic Udifluvents), sand, and peat moss, respectively. Each flat contained one entry. A commercial Rhizobium inoculant was included at planting. Water was supplied daily. Plants were grown in a greenhouse at 25 and 18"C day and night temperatures, respectively, with supplemental light (PAR 180 p.M m-2 S-I) from high-pressure sodium lamps (16:8 L:D). At full bloom, the initial growth was harvested and discarded. Following the initial harvest, flats were placed in a controlled environmental chamber (PAR 175 ILM m-2 S-I; 16:8 L:D; 25°C), and shoots were allowed to reach a height of approximately 10 em before infestation. The experimental plan was a two x two factorial with four replications in a randomized complete block design.
Approximately 8 and 92% of KS153P4 and KS153BA3P4 seedlings, respectively, survived infestation with A. kondoi biotypes present in Kansas (Sorensen et al. 1990) . A. kondoi were cultured on lentil (Lens esculenta Moench cv. unknown) in a controlled environmental chamber. Field-collected A. kondoi were added to the colony regularly to maintain virulence. Flats with plants were enclosed with Plexiglas frames 40 cm high, infested with an average of 24 aphids per plant, and covered with Nitex (H. R. Williams Mill Supply Company, Kansas City, Mo.) screen tops.
Plants were harvested 5-6 d after infestation. Individual shoots were cut 5 em above the soil surface and rated for phenological development according to the scale of Kalu & Fick (1981) . Stem lengths of shoots in phenological stages > 0 were measured. After measurements were completed, leaves and stems were separated, sealed in plastic bags, frozen at -200C, and later lyophilized. Immediately after drying, samples were weighed. Leaf percentage was calculated as Leaf DM!(Leaf DM + Stem DM). For leaves and stems, all phenological stages were composited within replicates. Samples were ground with a cyclone mill to pass through a I-mm sieve and stored in sealed glass jars.
Concentrations of neutral detergent fiber and TIVDDM were determined by the methods of Goering & Van Soest (1970) . Nitrogen (N) was quantified colorimetric ally following an H2S04! H202 digestion, and crude protein concentration was calculated as N x 6.25.
The extraction of substituted hydroxy benzoic and hydroxycinnamic acids and aldehydes has been described (Lenssen et al. in press) . Briefly, O.I-g samples (leaf) or 0.3-g samples (stem) were weighed into 50-ml screw-top polyallomer centrifuge tubes to which 5.0 ml of 1 M NaOH was added. The tubes were immediately purged with N2, sealed, and incubated at 25°C in the dark for 24 h. Following hydrolysis, 0.85 ml of 6 N HCI was added, and the sample was centrifuged. The resulting supernatant was decanted into a low-actinic, 50-ml volumetric flask and taken to volume with H20. All liquids were degassed before use. An aliquot was filtered through a 0.45-p.m membrane before injection into the chromatographic system. Two 20-ILlinjections were made for each sample.
The chromatographic system consisted of a Beckman Model100A pump and Model 165 variable wavelength detector (Beckman Instruments, Palo Alto, Calif.). Mobile and stationary phases were identical to those reported by Pussayanawin and Wetzel (1987) 
Results
The germ plasm x infestation interactions were nonsignificant (P > 0.05) for all parameters determined for leaves and stems, except for syringic acid concentration of stems. However, differences between germ plasms and infestations were significant for many parameters, and results are presented for these main effects.
Phenological stage and stem lengths were similar for germ plasms and infestation treatments (Table  1) . Across germ plasms, infestation by A. kondoi reduced forage yield and increased leaf percentage (Table 1) . However, the germ plasms were similar for forage yield and leaf percentage (Table 1) .
Across germ plasms, infected leaves and stems had higher concentrations of cell walls than did those of un infested ones, but the digestible portion of neutral detergent fiber was not altered (Table  2) . However, infested leaves had lower TIVDDM than did un infested leaves of controls. The crude protein concentration increased in stems and decreased in leaves infested with A. kondoi.
Across infestation treatments, KS153BA3P4 had higher neutral detergent fiber in leaves but lower TIVDDM and digestible neutral detergent fiber in stems than did susceptible KS153P4 ( Table 2 ). The germ plasms were similar for crude protein concentrations in leaves and stems.
Stems of the A. kondoi-resistant KS153BA3P4 infested with A. kondoi had more syringic acid than did stems of infested KS153P4, uninfested KS153P4, and KS153BA3P4 (114, 87, 23 , and 6 mg/kg, respectively). Across germ plasms, however, concentrations of monophenolics of leaves were unaltered by A. kondoi infestation (Table 3) . Across infestation treatments, leaves of A. kondoisusceptible KS153P4 had more p-hydroxybenzaldehyde than did leaves of resistant KSI53BA3P4. Concentrations of all monophenolics measured in Means within columns and main effects followed by the same upper case or lower case letter or no letter are not significantly different (P = 0.05 or P = 0.10, respectively; Fisher's LSD. SAS Institute 1985) .
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• PHBA, p-hydroxybenzoic acid; VA, vanillic acid; SYR, syringic acid; PCA, p-coumaric acid; FA, ferulic acid; PHBAL, p-hydroxybenzaldehyde; SIN, sinapic acid. Table 4 . Influence of germ plasm and A. kondoi infestation on concentrations (mglkg) of alkali-labile monophenolics of alfalfa stems
Discussion
• VA, vanillic acid; PCA, p-coumaric acid; FA, ferulic acid; SIN, sinapic acid; and Total = summed monophenolics, including syringic acid.
stems were similar between infestation treatments and germ plasms (Table 4) . Concentrations of p-hydroxybenzoic acid and p-hydroxybenzaldehyde in stems and vanillin in leaves and stems often were below levels necessary for detection.
reported previously (Terry & Tilley 1964, Lenssen et al. in press ). The differences in stem phenology among studies, and the well-documented inverse relationship between maturity and quality of alfalfa stems (Kalu & Fick 1983 , Sanderson et al. 1989 ) explain variations in TIVDDM and digestible neutral detergent fiber among those trials.
As noted by Bittner (1984) , digestibilities of leaves were equal to those of stems, even though leaves had higher concentrations of monophenolics than did stems. Monophenolics in alfalfa have varied among studies reported previously. Newby et al. (1980) quantified salicylic acid in alfalfa cv. Europe, but we were unable to detect it in KS153P4 or KS153BA3P4. Jung et al. (1983) quantified syringaldehyde and protocatechuic acid but did not detect sinapic acid in an unstated cultivar. Bittner (1984) reported qualitative differences in monophenolics of leaves and stems, which is not in agreement with our findings, although concentrations of p-hydroxybenzoic acid, p-hydroxybenzaldehyde, and vanillin in stems and vanillin in leaves of both germ plasms frequently were lower than could be reliably quantified. CuItivars studied, phenological development, and differences in techniques used to remove monophenolics from alfalfa tissues may account for some of the differences among the studies. Cherney et al. (1989) reported that quantities of monophenolic species solubilized from alfalfa stems varied among methanol, deionized water, neutral detergent, and rumen buffer extractions.
The effects of host plant resistance and A. kondoi infestation on concentrations of mODophenolics in leaves and stems were less dramatic than those for C. trifolii infection (Lenssen et al. in press ). This may have resulted from the limited time that aphids infested plants. Salisbury et al. (1985) Pedersen et al. (1975) . Our results differ from those of Summers & Coviello (1984) , who reported that A. kondoi infestation of susceptible 'Moapa' did not affect concentrations of protein or total digestible nutrients in the forage. However, Pedersen et al. (1975) and Summers & Coviello (1984) tested whole shoots, whereas we analyzed leaves and stems separately.
In our study, the higher TIVDDM for leaves than for stems, regardless of germ plasm and infestation treatments, is in agreement with results of Mowat et al. (1965) and Buxton et al. (1985) . Conversely, concentrations of digestible neutral detergent fiber of leaves and stems were similar, which has been 
